Mitochondrial and free radical theories of aging suggest that there is an imbalance between the activity of free radical generation and the endogenous radical scavenging system in brain disorders [1, 2] resulting in an impairment of ATP production [3, 4] . In this regard, mitochondria are not only intracellular generators of the reactive oxygen species (ROS) but also immediate targets of oxidative damage [5] [6] [7] [8] 
Introduction
Mitochondrial and free radical theories of aging suggest that there is an imbalance between the activity of free radical generation and the endogenous radical scavenging system in brain disorders [1, 2] resulting in an impairment of ATP production [3, 4] . [5] [6] [7] [8] 
In this regard, mitochondria are not only intracellular generators of the reactive oxygen species (ROS) but also immediate targets of oxidative damage

. ROS are generated at sites of inflammation and injury. At low levels, they can function as signalling intermediates in the regulation of fundamental cell activities such as growth and adaptation responses. At higher concentrations, ROS can cause cell injury and death. This occurs during the aging process, where oxidative stress is incremented due to an accelerated generation of ROS and a gradual decline in cellular
antioxidant defence mechanisms. Consequently, aging and the associated increase in oxidative stress are major risk factors for many neurodegenerative diseases [9] . Compared to other organs or tissues, the brain is more vulnerable to ROS-induced damage due to its high rate of oxygen consumption, high polyunsaturated lipid content and relative weariness of classic antioxidant enzymes [10, 11] .
Organisms utilize antioxidant defence, including enzymes like superoxide dismutase (SOD) [12, 13] . Rate constant of CK reaction can be investigated by the magnetization transfer in vivo 31 P magnetic resonance spectroscopy (MRS) experiment [14, 15] . The investigation of the kinetic parameter kfor using in vivo 31 [17] . 
In vitro mitochondrial respiration
Endogenous antioxidants
The enzymatic activity of SOD was determined using a RANSOD kit (Randox Labs, San Diego, CA, USA). CAT activity was determined as described by Aebi [20] , glutathione peroxidase (GPx) activity according to Wendel [21] , the ferric reducing ability of plasma (FRAP) according to Benzie [22] and ceruloplasmin (CPL) according to Schosinsky [23] .
Statistical methods
The results were evaluated using ANOVA In vitro mitochondrial oxidative phosphorylation (Table 2 and Fig. 2 Endogenous antioxidants (Table 3 and Fig. 3 [24] [25] [26] [27] [33] . The main radical produced by mitochondria is the superoxide anion; intra mitochondrial antioxidant systems scavenge this radical to avoid oxidative damage, which can lead to impaired ATP production [4, 24, 30, 32, 34, 35] . Neurons are very sensible to oxidative stress due to their high demand for energy. Most of the energy is derived from the metabolism of glucose to carbon dioxide and water through the glycolysis and mitochondrial OXPHOS [36] . The ATP production and utilization is fundamental in cerebral bioenergetics [37] [38] [39] . The brain ATP metabolism is mainly controlled by ATPase and CK reactions of PCRϽ ϭ ϾATPϽ ϭ ϾPi chemical exchange systems [40, 41] . In our 31 [44] and perturbation of the cellular oxidant/antioxidant balance [45, 46] . The brain has relatively low levels of antioxidants [47, 48] . SOD-2 is a highly inducible mitochondrial protein synthesized within the cytosol [49, 50] . These consequences have been strongly implicated in the pathogenesis of human as well as animal models of neurodegenerative diseases [51] [52] [53] [54] , particularly AD [4, 24, 29, 30, 34, 35] . In our study, no significant differences in SOD expression were detectable between old (10 months) and aged (36 months) Table 3 and Fig. 3 [30, 31, 56] due to chronic hypoperfusion and suboptimal delivery of energy substrates [57, 58] 
Discussion
It is well documented that age-related neurogenic dementia is a major risk factor in the lifespan of human beings and animals
